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We show that, contrary to common prejudice, a measurement of an open quantum system can
reduce its decoherence rate. We demonstrate this in an example of indirect measurement of a qubit,
where information regarding its state is hidden in the environment. This information is extracted by
a distant device, coupled with the environment only. We also show that the reduction of decoherence
generated by this device is accompanied by diminution of the environmental noise in the vicinity
of the qubit. An interpretation of these results in terms of quantum interference on large scales is
presented.
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I. INTRODUCTION
The influence of the environment on a quantum system
is an issue of crucial importance in quantum information
science. It is mainly attributed to decoherence (dephas-
ing), which transforms asymptotically any initial state of
the quantum system into a statistical mixture by trac-
ing out the environmental states in the overall density
matrix1. The decoherence rate is a basic quantity char-
acterizing the loss of information stored in the quantum
system.
In fact, this information is not totally lost, even in the
asymptotic limit—it is hidden in the environment. It can
be retrieved by a detector that monitors the environment.
Such a detector can be placed far away from the quan-
tum system, so that it does not interact with the system
directly. The question we address is whether such an in-
formation retrieval could influence the decoherence rate
of the quantum system. Beyond its fundamental interest,
this question is important for a number of applications,
for instance quantum cryptography2. Indeed, if the deco-
herence rate is increased by the retrieval of information
from the environment, it would betray the fact that the
system is being monitored by an outside observer.
It is widely accepted that one cannot make a measure-
ment without perturbing the system2. It is not clear,
however, how to make this statement quantitative. For
instance, how is the decoherence rate related to the in-
formation gain? Even the main premise, that the mea-
surement always perturbs the system, is still not proven.
We demonstrate in this paper that, contrary to the
common assumption, an indirect measurement of an open
quantum system can reduce its decoherence rate. This
implies that one can gain information regarding such a
system without adding to the disturbance due to the
environment, or even diminishing the environmental ef-
fects. This peculiar result is a consequence of a large-
scale quantum interference effect that weakens local en-
vironmental noise near the quantum system.
These questions of decoherence and information re-
trieval from the environment are parts of a more general
problem: what constitutes the environment for the pur-
pose of decoherence. Indeed, any device monitoring the
environment can be considered a part of the environment
and then it must be taken into account in evaluating the
decoherence rate. Then the same question arises on the
next level, regarding devices coupled to the previous set.
This will inevitably lead us to the von Neumann hierar-
chy problem—a system measured by another system and
so forth3—and its relevance to decoherence.
In this paper we do not deal with this fundamental
problem in its full complexity, but restrict ourselves to
the first “level.” We therefore consider a two-state quan-
tum system (qubit) coupled to the environment, which
does not measure the qubit, but causes its parameters
to fluctuate. Then we introduce a distant device (de-
tector), monitoring the environment and indirectly the
qubit. For a consistent analysis of this problem it is nec-
essary to treat it entirely quantum mechanically, as the
Schro¨dinger evolution of a many-body system, without
any ad hoc “classical” or “stochastic” assumptions. One
can invent models for the fluctuating environment and
the measuring devices that are simple enough to allow
full quantum mechanical analysis. Such models, how-
ever, have to reflect generic features of real fluctuating
environments and devices, for instance as considered in
“control dephasing” experiments4–6.
For this reason we represent the fluctuating environ-
ment by a single-electron transistor (SET) capacitively
coupled to the qubit7, Fig. 1. Such a setup has been
contemplated in numerous solid state quantum comput-
ing architectures8–11 and contains most of the generic
features of a fluctuating non-equilibrium environment12.
The discreteness of the electron charge creates fluctua-
tions in the electrostatic field near the SET. If the elec-
trostatic qubit is placed near the SET, this fluctuating
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FIG. 1: (color online) Qubit near a single-electron transistor
(SET). Here µL,R are the chemical potentials of the reservoirs.
The electric current I through the SET makes the energy level
ε1 of the qubit fluctuate.
field affects the qubit by making its energy levels fluc-
tuate, as shown in Fig. 1. Nonetheless, since the energy
level E1 of the SET is deep inside the voltage bias, the
SET’s current and the fluctuation spectrum of the elec-
tric charge inside it are not modulated by the qubit7.
Thus such a setup represents the fluctuating (telegraph)
noise acting on the qubit with no back-action12. The
total current through the SET does not contain any in-
formation regarding the qubit state.
The energy resolved current in the reservoir, on the
other hand, does carry such information. The energy dis-
tribution of the resonant current through the level E1 is
given by a Lorentzian centered at E1. If the qubit’s elec-
tron occupies the level ε1, the center of the Lorentzian is
shifted by the Coulomb repulsion between the two elec-
trons relative to the case when the qubit’s electron occu-
pies the lower dot. This implies that by measuring the
energy-resolved current through the SET, one can mon-
itor the qubit’s state.
Such an indirect measurement of the qubit can be per-
formed, for instance, by placing another SET at some
distance from the first one, Fig. 2. In this case the right
reservoir (collector) in Fig. 1 becomes the middle reser-
voir, separating the two SETs in Fig. 2. As a result, the
total current in the right reservoir (IR) becomes depen-
dent on the difference |E1 − E2|: it peaks13 when the
levels are aligned, E1 = E2. If the upper dot of the qubit
is occupied, the levels E1,2 are effectively misaligned due
to Coulomb interaction of the qubit with the left SET.
Then the current passing the second SET drops, thus in-
dicating that the upper dot of the qubit is occupied. In
this way the information on the qubit’s state, stored in
the energy-resolved current, becomes available.
A similar setup with two distant point-contacts (in-
stead of SETs), coupled with a qubit, has been recently
proposed as a sensitive monitor of the qubit’s state which
can reach high efficiency14. In the present paper, how-
ever, we are not concentrating on the efficiency of the
qubit’s measurement, but rather on the effect of mea-
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FIG. 2: (color online) The SET on the right is separated
from the one on the left by a middle reservoir. The electric
current IR in the right-hand reservoir (the lead) is sensitive
to the state of the qubit. Here µL,M,R are the corresponding
chemical potentials.
surement on information stored in the qubit. This infor-
mation is encoded in the qubit’s “phase”, i.e. in the basis
representing a coherent superposition of the qubit’s dot-
occupation states. Since the measurement of the qubit
via IR, Fig. 2, reveals its state in the dot-occupation ba-
sis, it would affects the qubit’s phase (superposition). In
what follows we focus on this effect by evaluating the
corresponding decoherence rate. A direct measurement
of the qubit’s phase, is not a subject of this paper.
A detailed quantum mechanical analysis of the entire
setup shown in Fig. 2 is presented below. The plan of
the paper is as follows. In Sec. II we describe a general
framework for treating this system. Then we apply it
to the evaluation of the current through separated SETs
and the average charge inside the SETs. In Sec. III we
evaluate the qubit’s decoherence rate and its connection
to the current measurement. Sec. IV presents an inter-
pretation and discussion of the results. The last section
is a summary.
II. TWO SEPARATED QUANTUM DOTS
ATTACHED TO A QUBIT
A. Description of the model.
Consider the setup shown in Fig. 2. The overall Hamil-
tonian can can be written as H = Hd+Hq+Hint, where
Hd, Hq, and Hint describe the detector (two separated
3SETs), the qubit, and their interaction, respectively,
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†
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1c1 . (3)
Here c†1,2(c1,2) and c
L,M,R †
λ (c
L,M,R
λ ) are the creation (an-
nihilation) operators for the electron inside the SETs
and in the reservoir (L-left, M -middle and R-right), and
a†1,2(a1,2) are the same for the qubit. Ω is the coupling
between the states a†1,2|0〉 of the qubit, and ΩL,M,Rλ , Ω¯Mλ
are the couplings between the SET quantum dots and
the reservoirs. In the absence of a magnetic field, these
couplings are real, but they can be of opposite sign, de-
pending on the relative parity of the states in the quan-
tum dots15. We assume weak energy dependence of all
couplings with the reservoirs, ΩL,M,Rλ = ΩL,M,R. For
simplicity we consider electrons as spinless fermions.
Consider the dynamics of this system for the case of
large bias. This corresponds to the initial condition in
which all states in the left lead are occupied and all states
in the middle and right leads are empty. In this case one
can transform the many-body Schro¨dinger equation to a
Lindblad-type master equation for the reduced density
matrix, σ(t), by tracing out the reservoir states. In our
case these are the states of the left, middle and right
reservoirs. The reduced density matrix σjj′ (t) describes
therefore a combined system of the qubit and two SETs.
These equations can be written in a general form as7,13,16
σ˙jj′ = i(Ej′ − Ej)σjj′ + i
∑
k
(
σjkΩ˜k→j′ − Ω˜j→kσkj′
)
−
∑
k,k′
P2piρ(σjkΩk→k′Ωk′→j′ + σkj′Ωk→k′Ωk′→j)
+
∑
k,k′
P22piρΩk→jΩk′→j′ σkk′ , (4)
where the indices j, j′, k, k′ denotes all discrete states of
the system and Ej is the total energy of the state j. For
instance, E = E1 + E2 + ε1 + U for the state shown in
Fig. 2. The second term in the r.h.s. corresponds to di-
rect hopping between these discrete states. In our case
this can take place only between the qubit’s states, so
that Ω˜ ≡ Ω in Eq. (2). The last two terms in Eq. (4)
represent transitions among the discrete states through
the continuum (the reservoir), which has the density of
states ρL,M,R. The corresponding hopping amplitudes
are therefore Ωk→k′ ≡ ΩL,M,Rλ , Eq. (1). The first of these
terms arises from “loss” processes and the second from
“gain” processes (borrowing the terminology of the classi-
cal Boltzmann equation). P2 is the Pauli factor: P2 = −1
in transitions involving two electrons, +1 otherwise. The
detailed microscopic derivation of Eq. (4) can be found
in Ref. [7,13,16]. Here we only mention that Eq. (4) is
valid for any values of coupling and interaction energies,
providing that these are much smaller than the applied
voltage (large bias limit).
Let us rewrite Eq. (4) explicitly for our system of two
separated SETs coupled to the qubit, Fig. 2. The en-
tire system can be found in eight discrete states, de-
noted as {a, a′, b, b′, c, c′, d, d′}. Four of them are shown
in Fig. 3. The remaining states, {a′, b′, c′, d′}, correspond
to those in Fig. 3 with the lower dot of the qubit occu-
pied. Note that transitions between the left and the right
SET can proceed only through the continuum, described
by the third and the fourth terms in the r.h.s. of Eq. (4),
whereas transitions between the qubit’s states are given
by the second term of Eq. (4).
B. Resonant current through two separated SETs
In order to simplify the problem but without losing
the main physical features of decoherence, we consider
Ω = 0 in Eq. (2). This corresponds to the so-called “pure
decoherence” model, since no relaxation of the qubit can
take place when Ω = 0. This model is widely used in
the literature17, and is applicable to a real charge qubit
during the most of its operation18. In effect, the qubit’s
states are now decoupled. In this case Eq. (4) reduces to
three decoupled sets of equations. One set couples matrix
elements σij where the states i, j ∈ {a, b, c, d}, that is,
where the qubit is in its upper state. The second set
couples the σij where i, j ∈ {a′, b′, c′, d′}, that is, where
the qubit is in its lower state. The third set couples the
σij for i ∈ {a, b, c, d}, j ∈ {a′, b′, c′, d′}.
We start with a configuration in which the qubit elec-
tron occupies the upper dot of the qubit, as in Fig. 3.
In this case the effect of the qubit on the detector is
a permanent energy shift, E1 → E1 + U , due to the
Coulomb repulsion between two electrons occupying the
qubit and the left SET. One finds from Eq. (4) that the
corresponding reduced density matrix evolves according
to the following equations19,
σ˙aa = −ΓLσaa + Γ1σbb + (Γ2 + ΓR)σcc + 2Γ12Reσbc
(5a)
σ˙bb = ΓLσaa − Γ1σbb + (Γ2 + ΓR)σdd − Γ12Reσbc (5b)
σ˙cc = −(ΓL + Γ2 + ΓR)σcc + Γ1σdd − Γ12Reσbc (5c)
σ˙dd = −(Γ1 + Γ2 + ΓR)σdd + ΓLσcc (5d)
σ˙bc =
[
i(∆− U)− ΓT
2
]
σbc − Γ12σdd −
Γ12
2
(σbb + σcc),
(5e)
where ∆ = E2 − E1. Here ΓL(R) = 2piΩ2L(R)ρL(R),
Γ1 = 2piΩ
2
MρM , and Γ2 = 2piΩ¯
2
MρM are the partial
widths of the levels E1,2 due to coupling with the left,
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FIG. 3: (color online) The discrete states of the system with
the upper dot of the qubit occupied.
right and middle reservoirs, whereas ρL,R,M , are the
corresponding density of states. We also denote ΓT =
ΓL + Γ1 + Γ2 + ΓR and Γ12 = 2piΩM Ω¯MρM = η
√
Γ1Γ2,
where η = (ΩM Ω¯M )/|ΩM Ω¯M | = ±1 corresponds to the
relative parity (number of nodes) of the SET states15.
Solving these equations we find the probability of oc-
cupation of each SET, P1,2(t) = 〈Ψ(t)|c†1,2c1,2|Ψ(t)〉, and
the average current in the middle and the right reser-
voirs, I
M(R)(t) = 〈Ψ(t)|i[H, QˆM(R)]|Ψ(t)〉, where QˆM =∑
λ c
M †
λ c
M
λ and QˆR =
∑
λ c
R †
λ c
R
λ are the operators for
charge accumulated in the middle and the right reser-
voirs, and |Ψ(t)〉 is the overall many-body wave function.
One finds7,13,16
P1(t) = σbb(t) + σdd(t), P2(t) = σcc(t) + σdd(t) , (6)
and
IM (t) = Γ1P1(t) + Γ2P2(t) + 2Γ12Re [σbc(t)]
IR(t) = ΓRP2(t) . (7)
In a similar way one finds the current in the left lead is
given by IL(t) = ΓL[σaa(t) + σcc(t)].
In the asymptotic limit, t→∞, Eqs. (5) can be easily
solved by taking into account that σ˙jj′ (t → ∞) = 0
and using the probability conservation condition, σaa +
σbb + σcc + σdd = 1. Consider the case of ΓL = Γ1 = Γ,
corresponding to maximal penetrability of the left dot.
Then one obtains for the steady-state currents, I¯M,R =
IM,R(t→∞), the following simple expressions,
I¯M (U) =
Γ(Γ2 + ΓR)[4(∆− U)2 + ΓT (Γ + ΓR)]
8(∆− U)2(Γ2 + ΓR) + Γ2T (Γ2 + 2ΓR)
(8a)
I¯R(U) =
ΓΓ2ΓRΓT
8(∆− U)2 (Γ2 + ΓR) + Γ2T (Γ2 + 2ΓR)
. (8b)
By evaluating in the same way I¯L = IL(t→∞), one can
easy verify current conservation: I¯L = I¯M + I¯R.
If the qubit state corresponds to the lower dot occu-
pied, the currents are given by the same Eqs. (8) with
U = 0. Therefore by measuring the change in the cur-
rent, for instance in the right lead, δI = |I¯R(U)− I¯R(0)|,
one can determine the qubit state. An example of such
a signal for U = Γ and ∆ = 0 is shown in Fig. 4a. We
plot δI as a function of the asymmetry between the dots,
measured by y = Γ2/Γ. The solid line corresponds to
ΓR = Γ and the dashed line to ΓR = Γ2. The latter
corresponds to maximal penetrability of the right SET.
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FIG. 4: (color online) (a) “Signal” δI and (b) occupation P¯1
of the left SET as a function of y = Γ2/Γ for ΓL = Γ1 = Γ,
ΓR = Γ2 (dashed line) and ΓL = Γ1 = ΓR = Γ (solid line).
Note that y = 0 corresponds to switching off the right
5SET (Γ2 = 0). In this case the current in the right reser-
voir vanishes and the total current in the middle reservoir
is I¯M = Γ/2, see Eqs. (8). Therefore the currents become
independent of the qubit state and the signal vanishes, as
shown in Fig. 4a. With increased y the signal increases
reaching its maximal value near y = 1, where the pen-
etrability of the system is maximal. Beyond this point
the signal decreases with y. This is to be expected since
for Γ2 ≫ U the influence of the level displacement U on
the current is small.
The probability of finding the left SET occupied in the
steady-state limit, P¯1 = P1(t → ∞) Eq. (6), is shown in
Fig. 4b as a function of y for ∆ = 0. We find that the
presence of the distant second SET increases the occu-
pation probability of the left SET, compared to the case
where the second SET is switched off (y = 0).
III. DECOHERENCE OF THE QUBIT
Let us assume that the qubit is initially in a linear
superposition of its basis states,
|ψ0〉 = cosαa†1|0〉+ eiβ sinαa†2|0〉. (9)
The qubit’s behavior is described by the reduced den-
sity matrix, σqjj′ (t), obtained by tracing over the de-
tector states. The diagonal matrix elements—the
probabilities—are given by
σq11(t) = σaa(t) + σbb(t) + σcc(t) + σdd(t) (10)
and σq22(t) = 1 − σq11(t); the initial conditions corre-
spond to Eq. (9). Since the qubit’s states are decoupled,
the probabilities are constant in time, σq11(t) = cos
2 α,
σq22(t) = sin
2 α and therefore are not affected by the de-
tector.
This is not the case, however, with respect to the off-
diagonal elements of the density matrix,
σq12(t) = σaa′(t) + σbb′(t) + σcc′(t) + σdd′(t) . (11)
This element vanishes at t → ∞ due to the charge fluc-
tuations in the left SET. In order to evaluate σq12(t) and
the corresponding decoherence rate, we have to solve the
master equation (4) for the off-diagonal density matrix
elements. In the case of no coupling between the qubit
states, Ω = 0, these equations can be written explicitly
as
σ˙aa′ = −ΓL σaa′ + Γ1σbb′ + (Γ2 + ΓR)σcc′
+ Γ12(σbc′ + σcb′) (12a)
σ˙bb′ = −(iU + Γ1)σbb′ −
Γ12
2
(σbc′ + σcb′) + ΓLσaa′
+ (Γ2 + ΓR)σdd′ (12b)
σ˙cc′ = −(ΓL + Γ2 + ΓR)σcc′ −
Γ12
2
(σbc′ + σcb′)
+ Γ1σdd′ (12c)
σ˙dd′ = −(iU + Γ1 + Γ2 + ΓR)σdd′ + ΓLσcc′ (12d)
σ˙bc′ = i
(
∆− U − iΓT
2
)
σbc′ −
Γ12
2
(σbb′ + σcc′)
− Γ12σdd′ (12e)
σ˙cb′ = −
(
i∆+
ΓT
2
)
σcb′ −
Γ12
2
(σcc′ + σbb′)− Γ12σdd′
(12f)
Since the qubit states are decoupled, we have eliminated
their energies (ε1,2) from Eqs. (12) by a gauge transfor-
mation.
In the steady-state limit σ˙jj′ (t → ∞) = 0, Eqs. (12)
become a system of homogeneous algebraic equations.
One can check that in this limit the off-diagonal elements
of the density vanishes, so that σq12(t → ∞) = 0, as
expected. In order to find the qubit’s decoherence rate it
is useful to rewrite Eqs. (12) in a matrix form,
X˙(t) +BX(t) = 0 , (13)
where X(t) is a 6-component vector,
X ≡ {Xk} = {σaa′ , σbb′ , σcc′ , σdd′ , σbc′ , σcb′} , (14)
and B is a 6× 6 matrix (super-operator), corresponding
to the r.h.s. of Eqs. (12). Note that for a pure-dephasing
model (Ω = 0), considered here, the steady state limit
depends on the initial qubit’s state17.
To solve Eq. (13) we apply a Laplace transform,
X˜(E) =
∫ ∞
0
X(t)eiEtdt , (15)
where E has a small, positive imaginary part. Then
Eq. (13) becomes an algebraic equation,
(B − iE I)X˜(E) = X(0) , (16)
where X(0) corresponds to the initial state and I is the
identity matrix. Solving Eq.(16) we find
X˜k(E) =
D¯k(E)
det(B − iEI) , (17)
where D¯k(E) is a corresponding combination of the co-
factors and minor determinants.
6In order to find X(t) we have to perform the inverse
Laplace transform
Xk(t) =
1
2pii
∫ ∞
−∞
X˜k(E)e
−iEtdE , (18)
where the contour of integration is E+iδ with δ → 0. We
close the contour in the lower half plane. It follows from
Eq. (18) that any pole of the integrand at E = E(l)−iΓ(l),
obtained from the equation
D(E) = det(B − iEI) = 0 , (19)
results in exponential damping of the off-diagonal
density-matrix elements, X(t) ∝ exp(−Γ(l)t). The deco-
herence rate is defined as Γd = min{Γ(l)}, since it domi-
nates the the decoherence at sufficiently large times.
Consider first Γ2 = 0. In this case the right-hand SET
in Fig. 3 is switched off, so that no measurement of the
qubit takes place. As in the Sec. II we consider a sym-
metric left-hand SET, ΓL = Γ1 = Γ, so that the current
flowing through this SET is I¯M = Γ/2. Equation (19)
can be easily solved analytically, thus obtaining for the
decoherence rate of the qubit
Γd = Γ
(
1−
√
1− U
2
4Γ2
)
. (20)
To leading order in (U/Γ)2 this is12
Γd ≃ U
2
8Γ
=
U2
2
SQ(0) , (21)
where SQ(0) is the zero-frequency limit of the power spec-
trum of fluctuating charge inside the left SET20
SQ(ω) = 2Re
∫ ∞
0
〈δQˆ(0)δQˆ(t)〉eiωtdt . (22)
Here δQˆ(t) = c†1(t)c1(t) − P¯1 and P¯1 = P1(t → ∞)
is the average charge inside the SET, Eq. (6). Equa-
tion (21) shows that dephasing rate is directly related to
the noise spectrum of the environment. This result can
been obtained by using different methods. In particu-
lar, it was proven by Emary17 that in the case of pure
dephasing (Ω = 0), Eq. (21) is valid for any type of non-
equilibrium environment in the weak coupling limit (here
U2/Γ2 ≪ 1).
Now we consider Γ2 6= 0. In this case the system of two
separated SETs can be viewed as a detector monitoring
the qubit’s state (Fig. 4a). We evaluate the decoherence
rate Γd as a function of y = Γ2/Γ by solving Eq. (19)
numerically. Consider first ΓL = Γ1 = Γ and Γ2 = ΓR =
yΓ, corresponding to maximal penetrability of each of the
dots. We also assume that the energy levels of the dots
are aligned, E1 = E2. The results are shown by solid lines
in Fig. 5 for two values of the interaction term: U = 0.5Γ,
Fig. 5(a) and U = Γ, Fig. 5(b).
For comparison, we present Γd as evaluated by Eq. (21)
(dashed lines), where the correlator of charge inside the
0 2 4 6 8 10 y
0.01
0.02
0.03
0.04
0.05
GdG
0 2 4 6 8 10 y
0.05
0.10
0.15
0.20
GdG
U=Γ
ΓU=0.5 
(b)
(a)
FIG. 5: (color online) Decoherence rate Γd, obtained from
Eq. (19), as a function of y = Γ2/Γ for ΓL = Γ1 = Γ and
Γ2 = ΓR = yΓ (solid lines), for two values of the interaction
coupling U . Dashed lines show decoherence rate evaluated
via the noise spectrum of the left SET, Eq. (21).
first SET (the left-hand one in Fig. 3), SQ(0), has been
calculated by neglecting the Coulomb interaction with
the qubit. In fact, in the presence of the second SET,
the Coulomb interaction does affect SQ by displacing the
energy level of the left-hand SET by U when the qubit’s
upper dot is occupied. However, the corresponding effect
on the decoherence rate is on the order of (U/Γ)4, which
is within the limits of accuracy of Eq. (21). Figure 5
shows that Γd is well reproduced by the fluctuation spec-
trum of the qubit’s energy even for rather large values of
U .
One finds from Fig. 5 that the decoherence rate in the
case of measurement (y > 0) exceeds that for the no-
measurement case (y = 0). In fact, from a comparison
between Fig. 4 and Fig. 5 one could conclude that the de-
coherence rate increases with the signal δI for 0 < y . 1.
However, for y & 1 the signal drops with y, whereas Γd
reaches saturation. Nevertheless, Fig. 5 seems to sup-
port the common assumption that measurement gener-
ates decoherence2.
Consider now an asymmetric right-hand SET in Fig. 3,
by taking ΓL = Γ1 = ΓR = Γ and Γ2 = yΓ. The results
for the decoherence rate are shown in Fig. 6. Here again
the solid lines show exact evaluation of decoherence rate,
given by Eq. (19), whereas the dashed lines show an ap-
proximate evaluation of Γd through Eq. (21). In contrast
with Fig. 5, the results look very surprising: They contra-
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FIG. 6: (color online) Decoherence rate Γd as a function of
y = Γ2/Γ for ΓL = Γ1 = ΓR = Γ, Γ2 = yΓ (solid line).
Dashed lines show decoherence rate evaluated via the noise
spectrum of the left-hand SET, Eq. (21).
dict the picture that measurement always destroys quan-
tum coherence. Indeed, we find that by increasing the
second SET’s asymmetry, the decoherence rate decreases
for y & 1. Although the signal, δI, is also decreasing in
this region (Fig. 4), the total current still carries infor-
mation on the qubit’s state. In particular, one finds that
decoherence rate becomes the same as for y = 0 (no mea-
surement) at y ≃ 2 . This implies that the qubit measure-
ment does not increase its decoherence rate. Moreover,
one finds from Fig. 6 that for a large enough y, the de-
coherence rate drops substantially below its initial value
at y = 0. This means that the measurement can even
diminish decoherence generated by a pure environment.
Our results were obtained for aligned levels of the two
SETs quantum dots, ∆ = E2 − E1 = 0. The question
is how the reduce of decoherence, shown in Fig. 6 is sen-
sitive for this alignment. For this reason evaluated the
decoherence rate as a function of y for different values of
∆ the results are presented in Fig. 7. It follows from this
figure that the phenomenon is rather stable with respect
to the levels misalignment, until ∆ is of the order of few
Γ. There are other factors which can affect the reduc-
tion of decoherence by the second SET, for instance the
environmental noise. Similarly, we anticipate that if the
level broading, generated by these factors is of the order
of a few Γ, the phenomenon would survive.
In addition, our results presented in Figs. 4–6, indi-
cate that there is no necessary relation between signal
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FIG. 7: (color online) Decoherence rate Γd as a function of
y = Γ2/Γ for different values of the two SETs misalignment,
∆.
(information gain) and decoherence. Indeed, besides the
region of y . 1, where the both quantities display simi-
lar behavior with y, this does not take place for y & 1.
For instance, one finds from Figs. 4(a) that the signal de-
creases to zero, when y →∞. However, in the same limit
decoherence rate does not return to its value at y = 0,
corresponding to the no-signal regime. We can only con-
clude from Figs. 5-6, that decoherence is generated at
most by a local environmental noise near the quantum
system. A particular origin of this noise, like whether it
is generated by measurement or not, in not relevant for
decoherence. Therefore an understanding of a peculiar
behavior of decoherence rate with the asymmetry of the
second SET, can be achieved by analyzing the quantum
noise.
IV. INTERPRETATION
Let us compare Fig. 5 with Fig. 6. We want to under-
stand the reason for the different behavior of the deco-
herence rate [or of the corresponding charge correlator,
SQ(0), Eq. (22)] in the two figures for y & 1. Let us con-
sider first the occupation probability of the left SET in
the steady state, P¯1, shown in Fig. 4(b). The dashed line
corresponds to the conditions in Fig. 5 and the solid line
to those in Fig. 6. In both cases the occupation probabil-
ity is saturated at large y. The solid line, however, ends
up much closer to 1 than the dashed line. That means
that the amplitude of charge fluctuation is much smaller
in the case of an asymmetric second SET, Γ2 ≫ ΓR,
Fig. 6, than for a symmetric one, Γ2 = ΓR, Fig. 5. As a
result, the charge correlator drops with increasing asym-
metry parameter y.
This dependence of the noise on the occupation of the
SET’s quantum dot can be seen from the following simple
considerations. Consider the resonant current through
the left-hand SET in Fig. 3 when it is decoupled from the
right SET (y = 0). The occupation in the steady state is
given by P¯1 = ΓL/(ΓL +Γ1). In the case of a symmetric
left-hand SET, ΓL = Γ1, we find P¯1 = 1/2. The presence
of the second SET (y 6= 0) leads to P¯1 > 1/2. It looks as
8if the first SET were less strongly coupled to the reservoir,
Γ1 < ΓL. As a result, the charge correlator (22) of the
left dot, given by S0(0) = 2ΓLΓ1/(ΓL+Γ1)
3, drops. This
demonstrates explicitly that an increase of the SET’s oc-
cupation diminishes the corresponding charge correlator.
Now it remains to understand how a distant right-hand
SET can increase the average occupation of the left-hand
SET. This is an effect of quantum interference on large
scales, which already appears in the motion of a single
electron between two quantum wells separated by the
reservoir (see Fig. 8). This problem has been recently in-
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FIG. 8: (color online) An electron in two quantum wells sep-
arated by a reservoir.
vestigated in Ref. [21]. It was demonstrated there that in
the case of aligned levels, E1 = E2, an electron initially
localized in the left-hand well can be found as t → ∞
inside the the same well with probability Γ22/(Γ1 + Γ2)
2.
This implies that in the limit of Γ2 ≫ Γ1 the electron
does not decay to the continuum, but remains locked in
the left-hand well. This phenomenon is a result of quan-
tum interference between two distant localized states.
Keeping in mind the increase in occupation of the left-
hand SET generated by the distant right-hand SET in
Fig. 8, we can understand the difference in occupation
of the left-hand SET displayed in Fig. 4(b) for the setup
of Fig. 3. In the case of Γ2 ≫ ΓR, the probability of
penetration through the right-hand SET is suppressed.
Therefore the right-hand SET can be considered as sepa-
rated from the right lead. In this case it will resemble the
setup of Fig. 8, where the right well prevents decay of the
left well to the middle reservoir for Γ2 ≫ Γ1, as explained
in Ref. [21] in great detail. If however Γ2 = ΓR, then the
penetration of the right-hand SET is maximal. In this
case it cannot be considered as detached from the right-
hand reservoir. As a result the right-hand SET cannot
hinder the decay of the electron from the left SET’s quan-
tum dot to the continuum, so that one cannot expect a
substantial increase of occupation of the left SET. Using
these arguments one can understand the behavior of P¯1
with y, shown in Fig. 4(b), and therefore the surprising
behavior of the decoherence rate, shown in Figs. 5 and 6.
V. SUMMARY
In this paper we have demonstrated how the retrieval
of information from the environment of a quantum sys-
tem affects the decoherence of the quantum system. For
this purpose we considered an electrostatic qubit inter-
acting with a fluctuating environment. The latter is rep-
resented by a current flowing through an SET near the
qubit. The fluctuating charge inside the SET produces
telegraph noise that affects the qubit’s parameters. This
generates decoherence, which causes information on the
qubit’s state to dissolve in the environment. For its re-
trieval, we introduce a distant SET that measures the
environment. Solving the Schro¨dinger equation for the
entire system and tracing out the environmental states,
we evaluate the decoherence rate of the qubit in the pres-
ence of the second SET (measurement) or without it (no
measurement).
In principle, as a result of decoherence, the information
of the qubit’s state is already lost in the environment be-
fore it is measured. Hence, one might assume that the
actual measurement of the environment would not affect
the decoherence rate of the qubit. Our analysis, however,
shows that this is not the case: The actual retrieval of
the qubit’s information from the environment does affect
the qubit’s decoherence rate. Contrary to the common
premise that any measurement can only increase deco-
herence, we find that the measurement can diminish the
decoherence rate as well. This can be interpreted as a
result of destructive interference between the measuring
device and the environment, leading to reduction of the
local noise near the qubit.
Our analysis does not point to a general relation be-
tween the decoherence rate and the information gain. On
the other hand, we find that the decoherence rate is de-
termined by the local environmental noise, even in the
case of indirect measurements. This is true even beyond
the weak coupling limit. In particular, a decrease of deco-
herence rate is always accompanied by a similar decrease
of the local noise generated by the second SET. We sug-
gested an interpretation of this effect as a manifestation
of quantum interference on large scales, discussed in a
previous publication.
We consider this work to be a first step in the investiga-
tion of indirect quantum measurements and decoherence.
It would be very interesting to extend this research to dif-
ferent environments, where, for instance, the information
regarding a quantum system is carried by emitted pho-
tons. We also expect that the effect of diminishing the
decoherence (or the noise) with a distant detector, pre-
dicted in this paper, can be realized in various quantum
systems and could then find various applications.
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